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Title: CABLE WITH RECYCLABLE COVERING 

Abstract: 

The invention describes a cable with recyclable covering, particularly for transporitng or distributing 
medium or high voltage energy, in which at least one covering layer is based on thermoplastic polymer 
material comprising a propylene homopolymer or a copolymer of propylene with ethylene or an $m(W)- 
olefin other than propylene in mixture with a dielectric liquid. The cable of the invention possesses 
superior mechanical and electrical properties, including high dielectric strength, in particular enabling it to 
be used at high operating temperature. 
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CABLE WITH RECYCLABLE COVERING ******* The pre-o nun i I > u j In 

}«3' h ul i th- i 1 i i i hi i in t - h ii i\ -«ntr ^ 

wherein an extruded covering layer based on a therrrsoplastic polymer natenal in a« hi ? s c , 

high mechanical and electrical properties Is present, enabling, in particular, the use of high operating temperatures and 
1 in i ! < of I power energy. 

The requirement for products of high environmental compatibility, composed of materials which, in addition to not 
being harmful to the environment both during production and utilization, can be easily recycled at the end of their life, is 
rnvvful/ tc-ct i tl and telecommunications cables. 

However the use of materials compatible with the environment is certainly conditioned by the need to limit costs and, 
for the more common uses, guaranteeing a performance equivalent to or even better than that of conventional 
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mare; ials anyway. 



,°f" A i3cc ^ so; tr a !, pa, ic 

spylene (EPR) or ethylene/prcpyiene/diene (EPDM) < 
i /i - - - pi >' 1 c 3 3 v nc 
e even im if t t io " j ,e • 



:es and the cover::- --g 



Electric cables are also known having t^j ••-„:: r < • - • s,ei wrapping of a paper oi 

p tpc 1 pr<ly, [Of ' k '^r (V '>! ' jU " > O ■".!> 3 1 3 - - Oi 'mi', 

111] >l i i i [ I it' I i ! 11 J I I Jpp 1 ftl 

s i n 1 i ( 1 f 1 i" i 1 1 liek In 

liquids, products are commonly used such as mineral oils, polybutenes, aikylbenzenes and the like (see for example 
US-4, 543,207, US- 4.62 1 .302, EP-A-0987718, WO 98/32137). 

it is however well known that mass impregnated cables have numerous drawbacks compared with extruded insulation 
cables, so teat their use :s currently restricted to specific fields of apprentice, in particular to the construction of high 
and very high voltage direct cu • aural? Mi 

In this respect, h [ ii I of t impregnated cables is particularly complex i cosily both for the high cost of 
the laminates and ior the iit i encountered riuung p;e steps oi wrapping :he laminate i then ■ impregnating it 
with the dielectric liquid. In particular, the dielectric liquid used must have low viscosity under cold conditions to allow 
rapid and uniform Impregnation, white at the same time it must have a low tendency to migrate during installation and 
operation of the < f \ \ Ii h for ie c - n , r i ( i n 313 ' tip equated 

cables cannot be recycled and their use is limited to an operating temperature less than 90 °G. 

Within non-crosslinked polymer materials, it Is known to use high density polyethylene {HOPE) for covering high 
voltage cables. HDPE has however the drawback of a lower temperature resistance than XLPE, both to current 
overload and during operation. 

Thermoplastic low density polyethylene (LDPE) insulating coverings are also used in medium and high voltage cables; 
aif 1 hi > r 1 ! 111 d by too low an open ; 70°C) 

WO 99/13477 describes an insulating material consisting of a thermoplastic polymer forming a continuous phase 
which incorporates a liquid or easily meltable dielectric roi ruing a mobile interpenetrating phase within rhe solid 
pr ii" i j i 1 i 1 i e n ulatlng 

material can oe produced fey mixing the two components while hot either batch wise or continuously (for example by- 
means of an extruder). The resultant mixture Is then granulated and used as '01 producing a high 
voltage electric cable by extrusion onto a conductor. The material can be used either in thermoplastic or crossiinked 
form. As thermoplastic polymeis ere Indicated: poiyoiehns poiyacefafes. cellulose polymers, poiyesteis. r | i 
poiyacrylates, a in and poiyam:ces. TPs use of polymers of low crystaiiiclfy Is par tloulsrly suggested 

The dielectric Is preferably a synthetic or mineral oil oi low 01 high viscosity. In partlor rial a polylsorxjtene, uaphiheue, 
po ya omatii 3-0 c ne o 

US -1410869 describes dielectric compositions comprising a mixture of ditoluyl ether isomers, optionally in the 

press xi of z -1 > 1 n 

trarisiormers. 

US 4543207 describes dielectric compositions comprising dielectric oils and aromatic mono-oiefins and/or diolefins 
having condensed or non- condensed aromatic nuclei. Said compositions comprise, in particular, mixtures of organic 
acid esters, vegetable or animal oils and aromatic ethers witb 0.01-50% arom - 3 > x o 1 Mtue hav xj 'wo 
condensed or non- condensed aromatic rings. The compositions are used to impregnate capacitors, transformers and 
electric cables. 

The Applicant con ids 1 5 sc he te unical probie using an e ha overing made 
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from a thermoplastic polymer materia! having mechanical and electrical properties comparable to those or cables with 
an ii \ \ rtcuar the Appjk mtha f producing a 

iblf Ait i no ro ink in j! in i f i i r i t 

and coles conditions, while af the same time possessing high dielectric strength. 



5, manageability) unchanged, even at high operating tempe 



The Applicant has now found It possible to solve said technical problem by using, as recyclable polymer base material 
a thermoplastic prop; ?r ho n pi /mi or copolymer mixed with a di ectric q id a "ere '; d fined. The 
resultant > r possesses geod I <it ever: tx-hon cold, n thermomechanioal strength and high 

n r c q ayoi nd in j. irtu U st 

an electrical insulating layer, of a medium or high voltage cable of high operating temperature, of at least 90 and 
be >/ mrt Til" 1lo r , J 

h > i n » hi f r ill qua title of 

a< Jit v ' > n c ' ' , c layer 



High compatibility between the dielectric liquid and the base polymer ensures homogeneous dispersion of the liquid in 
the polymer matrix and improves cold behaviour of the polymer. 



According to a first aspect, the invention therefore relates to a cable (1) comprising at least one electrical conductor (2) 
and at least one extruded covering layer (3.4,5) based on a thermoplastic polymer materia! in admixture with a 
dielectric iiqdd. wherein: -said thermoplastic mated a! comprises a propylene homopoiymer or a copolymer of 
propylene with at least one olefin eomonomer selected from ethylene and an a-olefin other than propylene, said 
homopoiymer or copolymer having a melting point greater than or equal to 140*0 and a melting enthalpy of from 30 to 
1 00 J/g; -said dielectric liquid comprises at least one diphenyi ether, non- substituted or substituted with at least one 
linear or branched, aliphatic, aromatic or mixed aliphatic and aromatic CI-C30. ft eierably < C24 hydrocarbon radical. 



According to a first embodiment, said extruded covering layer based on said thermoplastic polymer material in 
a< in Ii te ov i \\ - i i > i i n i 



According to a further embodiment, said extruded covering layer based on said thermoplastic polymer material in 
admixture with said dielectric liquid is a semiconductive layer. 



Preferably, the propylene homopoiymer or copolymer has a melting point of from 145 to 1 7G e C. 



t r r f 1> It > r ii 



Preferably, the propylene homopoiymer or copolymer has a flexurai modulus, measured in accordance with ASTM 
D790, at room temperature, of from 30 to 1400 MPa, and more preferably from 60 to 1000 MPa. 



Preferably, the propylene homopoiymer or copolymer has a melt flow index (MR), measured at 230 °C with a load of 
21.6 N in accordance with AST IV) D1238/L, of from 0.05 to 10.0dg/min, more preferably from 0.5 to 5.0 dg/min. 




Pre e sol/ I in in f t i j r \ r r r « t ilyr ••r r f propylene 

vit i L tot ^ In t n t 3 „ Ii uir t 

modulus generally of from 30 to 900 MPa, preferably of from 50 to 400 MPa; (b) a heierophase copolymer comprising 
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a thermoplastic phase based on propylene and an eiastomerlc phase based on ethylene copolymerized with an a- 
oiefLn. preferably with propylene. In which the elastomeric phase Is present In a quantity of a: leas; 45 wt% on the total 
weight of the heterophase copolymer. 

The homopolymers or copolymers of class a) show a single-phase microscopic structure, le substantially devoid of 

10';,/,' t n >n< i ! 1 t f ti >•> 

in fact, the optica! phenomena typloai of heterophase polymer materials, and a; particular are characterised by better 
transparency and reduced whitening due to local mechanical stresses (commonly known as "stress whitening"). 

Particularly preferred oi said class a) Is a propylene homopciymer or a copolymei oi propylene with at ieasi one olefin 
comonomer selected rom ethylene a ia r f " ■> i i r ne j» vmer h rvmq x 

melting point of from 1 40 to 1 65 °C : a melting enthalpy of from 30 to 80 J/g ; a fraction soluble In boiling diethyl ether in 
an amount less than or equal to 12 wt%, preferably from 1 to 10 wt%, having a melting enthalpy of less than or equal 
1i 1 I g in i t i i 3 t n . i j , , i 1" to , n 

\° preferably from 20 to 50 wt%, having a melting enthalpy of r it 10 to 40 J/g, preferably from 15 to 30 J/g; and a 
i i t i r to in , c lit ^ t f 1 ^ t i j ( t xi no 3 

melting enthalpy of greater than or equal to 45 J/g, preferably from 50 to 95 J/g. 

Further details i. it . , ^ i; and their use in cove \ >Se ;r , , - ' pro on 991 22840 

filed on 1 7.1 1 .1 999 in the name of the Applicant incorporated herein for reference. 

f i ir l>r (. i i ij i ' n f I) 

t n in n Mil i 

olefin other than propylene; and then of: II) a mixture of ethylene with an a-olefin, in particular propylene, and possibly 
with minor portions of a diene. 

i I produ i omrricnly known by the term'thermopisstic reactor elastomers". 

Paaic.ul t \ preferred oi : the said class I Is a heterophase copolymer In which ;he elastomer ic ah ts< misi a of an 

) t n a ( i J from 50 to 85 wt% of 

propylene on the weight of th^ <= n ^ mese materials and their use in covering cables 

are given in patent application WO00/41 1 87 in the name of the Applicant, Incorporated herein for reference. 

Products ct ' i i a u i t ' n> y for example under the trademark RexfiexR oi the Huntsman Polymer 

Corporation. 

fm Li t > ■ i Mil ^ to N " si <!«[< i i 

Alternatively, as thermoplastic base material, a propylene homopoiymer or copolymer as hereinbefore defined can be 
used in i ti i mixture with a r crysfa!iml;y polymer, generally h a melting enthalpy of less than 30 I which 
mainly ac;s fo increase flexibility of the material. The quantity of low crystaiiimty polymer is generally leas than 70 wt%. 
and preferably from 20 to 60 wt%, on the total weight of the thermoplastic material. 

fr r I i > i It i i r t if thylene wit a r CI2 a-olefin tnd possibly vit tdierw 

f ' ^ . ^ n ti 1 I tp c ir n m ie i 1 

generally C4-C20, and Is preferably selected from conjugated or non- conjugated linear diolefins, such as 1, 3- 

^ i i - w o io n i j r uch as 1 /:- 

I > v \ it fi i ■ n < ' ' 'i i ' the 

like. 



Particularly piefe:red ethylene copolymer are: n copolymers having the following monomer composition: 35-90 moi% 

ethylene " no nt a n nnxr-r 

composition: 75-97 rno!%, preferably 90-95 mol%, of ethylene; 3-25 mol%, preferably 5-10 mol%, of an a- olefin; 0-5 

iol%. of a diene (fc example ethylene/1- octene copolymers, such as the products EngageR of 
Do w- Du Pon t E las to me rs) . 
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The dielectric liquid according to the invention preferably comprises at least one dipheny! ether having the following 
structural formula: where Rl and R2 are equal or different and represent hydrogen, a phenyl group non -substituted or 
j / i l x i r i - an ik> g. >jf no t < n i no phenyl. 

By aikyl group it is meant a linear or branched CI-C24, preferably C1-C20, hydrocarbon radical. 

i the p - ivenfion are for example phenyl toluyl ether. 2,3'-d!to!uy! ether, 2,2'- 
ditoluyl ether, 2,4 -d tc jy ethe 3 3 -c toluyl ether, 3,4'-ditoluyi ether, 4,4'-dito!uyl ether, octadecyl dipheny! ether either 
as pure isomers or In mixture with each other. Said dielectric liquid - 

number o'ir it j t mot vi i ~ ik rj ha^o rqnlti-r?. 

The dipheny! ether of the invention preferably has a dielectric constant at 25 °C, of less than or equal to 8, preferably 



According to a further preferred aspect, the diphenyl ether of the invention has a hydrogen absorption capacity greater 
than or ' - an or equal to 50 mm3/min (measured in accordance with I EC 628- 

A), 

According to a preferred aspect, an epoxy resin can be added to the dielectric liquid suitable for forming the cable of 
the Invention, generally in a quantity of less than or equal to 1 wt% on the weight of the liquid, this being considered to 
m link i he ion migration rate i i ri I c (latin i 

material. 

The dielectric liquid suitable V r - nas good heat resistance, considerable gas absorption 

ip u il (i r (i t I j * i n j1 high 

even at h f ! s t f > f , na n I 

the Invention is generally between 1: 99 and 25: 75, preferably between 2: 98 and 20: 80, and more preferably 
between 3: 97 and 15: 85. 

E >! U\ t it I ,iJ , ' - =■ ^ i ' i : A ' V !f C i > i 1 1 an 

alkaline metal, with halogen toluene possibly In the presence of a copper or copper salt-based catalyst. 

f urthet jetaib t jato f i 1 li i i 

441 0869. 



Accordin ; I > > f it < t >f I n n h i < > i it v < ttk 1 

in ul 3 ir properties formed r n the rhermoplaoiiC polymer materia: In it ^ j it hi t n. i 1 d du i ttn 
liquid. 

According to a further preferred embodiment, the cabie o! the invention has a: ieas; one extruded covering iayer with 
; • , , m, ^ r i I" ^ i> , " > jo a'' hi i in jexnbed 

dielectric liquid. To form a semiconductivs layer, a conductive filler is generally added to the polymer material. To 
ensure good dispersion of the conductive filler within the base polymer materia!, this latter is preferably selected from 

1[ " K v I , I I l< -c » t < [ ' ' " ' ' 

in a preferred embodiment, the cable of the Invention has at least one electrical insulation iayer and at least one 
semiconductlve layei formed from a thermoplastic polymer materia! in admixture with a dielectric liquid as hereinabove 
- j , ii >< n 1 v , ' v o if fi ^ -r ]d f ■>< in the 

insul i mq la ^ > - \ \\ i t- * t- t - i j a t n 
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particulai the inner semiconductive layer where the electrical field is higher. 

>t f ni n c " i > r i i 1 i n p >T f Aj ne' 

material in admixture with a dielectric liquid, in which: -said thermoplastic materia! comprises a propylene 
homopolymer or a copolymer of propylene with at least one olefin ccmcnomer selected from ethylene and an a-ciefin 
other I' in orof h v or. ily rm ^ pi >'v 1 v n \\ \ t - < -q i to140°Gand? 

melting enth dp, if trm: a ^ f i - 1 er ".m >j >? tifuted or 

, , - - ,ie "ear or branched, aliphatic, aromatic or mixed aliphatic and aromatic 01-030, pi -efembly 

Ci-C24, hydrocarbon radical. 

According to a further aspect, the invention relates ic the use of a polymer composition, as described hereinabove as 
the base polymer materia: tor preparing a covering layer (4; with: eiectncai insulation properties, or for preparing a 
covering layer (3,5) with semiconductive properties. 

I emit la > ring lav« k 1 mo t- tv af 1 C"- n n n 

aforedetined polymer composition, such as antioxidants, processing aids, water tree retardants. and the like. 

C-oruei x i t> > m r th [ * 

(3, 5-di-tertbutyl-4- hydroxyphenyl) propionate] and 1, 3.5-trimethyl-2,4,6-tris {3.£kMertbutyi-4- nydroxy-benzyl) 
m , - ' 

Processing aids which can be added to the r ba i i tearate. zinc atearate, stea 

acid, paraffin wax and the like, or their mixtures. 

\\ it | it ii i f 1 n be 

at v in a , \ i, i , , J -. 

mechanical characteristics both at ambient temperature and under hot conditions, and also show Improved electrical 
properties, in particular they enable high operating temperature to be employed, comparable with or even exceeding 
that of oabies i coverings consisting of ->< 1 polymer base materials. 

if a semiconductive layer is to be formed, a conductive filler, In particular carbon black, is generally dispersed within 
the polymei mats il quan s - as to provide the material with semiconductive characteristics (i. e. such as to 
obtain a resistivity of less than 5 Ohm. m at ambient temperature). This quantify is generaiiy between 5 and 80 wt.%. 
and preferably between 1 0 and 50 wt%, of the total weight of the mixture. 

t v c - lii a i - - v ) ; / ne' -' r ,x;; tm f o- to " tm t • g a>er n V <■ ■• r: 

i< | ri t u H/ r J i r i r r In a I i t i n in i n 

between ao mi , , > j ri tl t;t iting layer 

and the in - ^nn. . -.0 mm i ma .-ee mam-- the ask ai am; , m a^ ae runner 

> • in ni n >e ptef ir«c by r •> a h 5 e t r uial -h 

liquid and any other additives possibly present by methods known in tee art, Mixing can be earned out for example by 
an internal mixer of the type with tangential rotors (Banbury) or with interpenetrating rotors, or, preferably, in a 
continuous mixer of Ko-Kaeade; (Bass) type, or o; co-oi counter- ■lotatlng double-screw type. 

Alternatively, the dielectric liquid of the invention can be added to the polymer materia! during the extrusion step by- 
direct Injection Into the extruder cylinder. 

v ^ M in n f>rc f , a v m " i cables for me iium or 

high voltage enables recyclable, flexible coverings to be obtained with excellent mechanical and electrical properties. 

Gk 4m a a ^ ; > \ • i I Jam • eo, m i ioi ,,x]' a ,;liih >a ° c ; i i J' " 
than in the case of similar mixtures of the same polymer material with other dielectric liquids known in the art. This 
greater compatibility leads, Inter alia, to iess exudation of the dielectric liquid and hence a reduction or the already 
discussed migi i p ^ - v a - , - n i '■- high operating temperature and their low dielectric loss, the cables 
of she invention can r for the same voltage, a power at least equal to or even greater than the; transportable by a 
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iitions able ,vith XLPt covering 



>f purpose , v ' \ ntit sn ne ;r jo\ en . x ll> no - /oil je of b« wet 1 and 3 ;\ 

wbereas"bigh vo!tage"means voltages higher than 35 kV. 

Alth >uc h this description is ma i h in in t t jting medium or high 

* ilt a*- - It t u if f - - f it- d- ! es in 

genera! and in particular cables of different type, for example low voltage cables, telecommunications cables or 
combined energy/telecommunications cables, or accessories used in constructing eieetricai lines, such as terminals or 
connectors. 

Furl ? cha icte is^ics wili be apparent from the detailed description given hereinafter with reference to the 
at cor -i myintf it i i >, i "no ^ r n i 

ii oi a ' ; \ i] it in it- 1 io 

in Figure 1, the cable 1 comp _ in » _ o on termediate 

I i/ t with in >i properties ? an outer layer with rn ri i properties 5. a metal screen 6, and an outer 
sheath 7. 

The conductor 2 generally consists of metal wires, preferably of copper or aluminium, stranded together by 
convention i nn thot i: i , " r f >r- he insulating layer 4 and thi ; - ; Hud ve layers 3 

and 5 comprises the composition of the invention as hereinbefore defmed Around the outer semlcouduchve layer 5 
there is usually positioned a screen 6, generally of electrically conducting wires or strips wound helically, 

i in 1 i n i h lit i !i V \ v I n \ \ i 

r i ir' fore Mined, 

The cable can also - ''.do a " an on protective srmcture >t ti ,n in Figure J the ^ purpose of which is 
to mechanically protect the cable against impact and/or compression. This protective structure can be, for example, a 
metal reinforcement or a layer of expanded polymer as descnr>ed in wo 98/52197. 

Figure 1 shows only one possibie embodiment of a cat •> >M v s> " * Mi vnmihe 

art can evidently t i rit it ti r >o in 1 x; ot the invent m 

The cable of :ue mvenilou can be oGusrructed m accordance with known methods fo r depositing layers of 
in i >t irr, I h s t jj j t 

example by ;h >rs are arranged In series, or I tru k with a multiple 

extrusion head. 

i ; the invention, bui >ut n -ing it 

EXAMPLES The dielectric quids according tc fir in - i , ' j * 1 

ditoluy! ether \\> ry A 1 ., on " r ,rc ^ ^ ~ - i it , omax^ 1a'e< wit - EC 247; -NeovacR 

SY: octadecyi dif t c 1 25 °C eqi 

accordance with I EC 24'/. 



The c >r \ in on In r ti t j i a v en 

'it ' i . >atie ( Pf 1 

poly aromatic dielectric oil as described in IEEE Transactions on Eie a. 4,1 99 : ) having a 

viscosity of 4 mm2/sec at 25 °C ; -FlexonR641 (commercial product of Esse): naphthene-based aromatic oil having a 
viscosity of 22 rnrn2/sec at 40 °C, consisting of 40 wt% arom ' < ' 1 " J" i t - x.x x onoris and 3 
vvt°';> polar compounds 

As polyp a ?ie used: -a flexible propylene hornopoiymer with melting point 160°C, melting enthalpy 56.7 

J/g, MFI 1.8 dg/min and flcxural modulus 290 MP'i tH^<ik>RVv 

(Table 1 . Examples 1-5) -a propylene heterophase copolymer with an ethylene/p'ooyletie el > i 

about 65 wi% (propylene 72 wt% in the elastomerie phase), melting enthalpy 32 J/g, melting point 163°C. MFI 0.8 
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product of Monte!!) ( ; able 1 . Examples 7-8). 



Composition preparation The polyrrser in granular form was preheated to 80 "0 in a turbomixer. 

h u n [ i < \ v ~ iok 1 o ha f ilyr >r 

i j n f r c t- t- (. it f ' jec for s 

further 

After hK tr&l&l I i i i % v I » ✓ o J ' <i laboratory double- screw Brabender Piasticorder PL2000 

at a temperature of 1 85 °C to complete h .>mo jen z > 

granules. 

Measurement of il.'lul - strength ■ DS) The dielectric strength of the polymer i it n obtained was evaluated 
on [((.(. ! insijiahrig material hav;r;g ;he geometry proposed by h EH (Norwegian [it Power Research 
institute) in the publication "The EF! Test Method for Accelerated Growth of Water Trees" (IEEE Internationa! 
Symposium on Electrical Insulation:, Toronto. Canada. .June 3-6 :990). In this method, the cable Is simulated with 
glass-shaped test pieces of insulating matena! having their base coated or; both sides h a semiconductive material 
coating. 

T i (f J iPbf j ii i u „ „ ui 1 70 °C from a plate of 

, ranUes a* ibout 19C C C. 

The inner and outer surfaces of the base, which had a thickness of about 0.40-0.45 mm, were coated with a 
< miroiikjffx c r in,, \ r> i ! ,s i ' - - nmersed in silicone oil at 

i ^ , > < j in if -.f 5 kV every 30 minutes 



TABLE 1 Ex. Polymer Dielectric % dleleetno 08 ■ mean) liood iictnid by weigh; : ' Re*fle<@- -92 Wl. 105 2" RexflexO 
BaysiloneO 5 90 WL 1 05 PD5 3* Rexfiex® Flexon@641 5 94 VVL 105 4 Rexflex* 8aYlectrol# 6 140 WL 105 4900 5 
P.exfiex# Bayiectrol# 13 152 WL 105 4900 6 Rexf!ex# Neovac SY# 10 145 WL 105 T Hifax@--90 KS081 8 H!fax# 
Bayiectrol# 13 140 KS081 4900 * comparison The dielectric strength values given in Table 1 highlight the improvement 
in electric I fin n i -a \ 
i i quid 

1 s1 hi ■ • ( si i i i l"h 1 : r i i 

described in Table 2 below. 



TABLE 2 Reference cable Cable of the (composition invention Ex 1 
inn. i )ui. i Hon and : .mm* r 

10 H if axe KS081 100 100 Nero 55 55 Y-200 Irganoxe 1330 0.3 0.; 
SM ^ ti specific surface of . 1c < 3 o-trime 



I Into a douole-s 
ruder (T-1 90 °C 



'Ppe: conductor (cross-section 400 mm2), an inner earn: 
i i - i t ! i - out ; 
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Under similar conditions, using the materials Indicated In Table 2, a reference cable was produced. 



Partial discha Partial discharges k.V/i i n i j i 

Columb (pC) (in accordance with IEC 60-502). 

Dieleefn; st^ j I i i 1 >f t c < ^ ' ' h 1 1 a! i , t h- i i > - > Jieli-ofri , 

sirength measurement based on EvNF.L DC4564 using alternating current at ambient temperature Starring from 30 
kV/mm trie gradient applied to the cables was increased by 5 kV/mm every 30 minutes until the cables perforated. The 
perforation gradient considered Is that on the conductor. 

Table 3 summarizes the data relative to the cables and the results of the electrical tests. 



'A[ l ' } i ii I 1 I- < \ ! > 1 

8C \ ;i , ,, i' , ' ' , ' 1 c i - a l c> t i H0°>, 

over me cable without additives. 
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1 i at leas! g layer (3 4,5) 

based on a thermoplastic polymer material in admixture with a dielectric liquid, wherein: -said thermoplastic material 
comprises a propylene homopoiymer or a copolymer of propylene with at least one olefin comonomer selected from 
ethylene and an a -olefin other than propylene, said homopoiyme: or copolymer having a t li i point greater than or 
e i a! to K and a melting t if of from 30 to 100 J/q: -said dielectric lipoid comprises at least one Oipheny] ether 
non- substituted or substituted with at least one linear or branched, aliphatic, aromatic or mixed aliphatic and aromatic C 
COO hydrocarbon radical. 

2. A cable as claimed in claim 1 . wherein the propylene homopoiymer or copolymer has a melting point of from 145 to 
1 70 °C. 
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3. A cable as claimed in claim 1 or 2, wherein the propylene hcmcpolymer or copolymer has a melting enthalpy of from 30 
to 85 J/g. 



1 A cable as c ed in , c - f i" °. lit? ; propylene hi r 1 . olymer has a fiexural 

modulus, measured at room temperature, of from 30 to 1400 MPa. 

5 , i ' h ( 1 1 h 5 ' il 

modulus, measured at room temperature, of from 60 to 1000 MPa. 

8. A cable as c imed v/ one c the pr 

<, r ;red I n 1 i 1 ! i 

;opoiym ias a m 

8. A cable as claimed in any one of the preceding claims, wherein the olefin comonomer is present in a quantity of less 

S. A cable a- I In any one of the precer non< 3i ■ a quantity of less 

than or equal to 1 0 mo!%. 

10, A cable as claimed in any one of the preceding claims, wherein the olefin comonomer Is ethylene or an a-olefin of 
formula CH2=CH-R, where R is a linear or branched C2-C!o aikyl. 

1 1 , A cable as claimed in any one of the preceding claims, wherein the a- olefin Is selected from 1 -butene, 1 -pentene, 4- 
methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene and the like, or combinations thereof. 

I " • al ill ' in ii t 

propylene homopoiymer or a copolymer of propylene with at least one olefin comonomer selected from ethylene and an a- 

oiefin other than propylene, having a fiexural modulus of from 30 to 900 MPa. 

(b) a htft-n \ \ h t I d ■ n 

ethylene copoiymerized with an a-olefin, in which the elastomerlc phase is present in a quantity of at least 45 wt% on the 
total weight of the heterophase copolymer. 

13. A cable as claimed in the preceding claim, wherein the propylene homopoiymer or copolymer under a) has a fiexural 
modulus of from 50 to 400 MPa. 

1- A cal e 3 i=iii ' in r 1? 1 «t h n pc ier or cos vie rnder f >int 

of from -i 40 to 165*0 ; a melting enthalpy of from 30 to 80 J/g; a fraction soluble in boiling diethyl ether in an amount of 
less than or equal to 12 wt%, having a melting enthalpy of less than or equal to 4 J/g; a fraction soluble in boiling ti- 
nt p t\3 r <■ jni > f >r 1- "> oy o* f'om 10 to 40 J/g; and a fraction insoluble in 
j r r f r e > ) j t i an >r e< u! o^.g 

1 5. A cable as claimed in any one of claims fi cm _ - i o<. 

fra o o i - , i 1 - he in i 1 a n u of ro n J o J " , ' i> i i ' „. ii ) ►xoal to 

0 J j fta if in f n n I t 

J/g; and a fraction insoluble In boiling n-heptane in an amount of from 50 to 80 wt%, having a melting enthalpy of from 50 
to 95 J/g. 

16. Aoib° i t s in > i r 
under b) Is propylene. 

1 7. A cable as claimed in the preceding claim, wherein the elastomerlc phase consists of an elaetomeho copolymer of 
ethylene and propylene comprising from 15 to 50 vvt% of ethylene and from 50 to 05 wr% of propylene on the weight of 
the e! astern eric phase. 
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18. A cable as claimed in any one of the preceding claims, wherein the base thermoplastic material Is the propylene 
hcmcpolymer or copolymer in mechanical mixture with a low crystallinity polymer having a melting enthalpy of less than or 
equal to 30 J/g, and a quantity of less than or equal to 70 wt% on the total weight of the thermoplastic material. 

19. A cable ss claimed in the preceding Ja n therein the low ; - -| polymer Is n a quantity of from 20 to 00 wt% 
on the total weight of the thermoplastic material. 

20. A cable a aim vhe ' ity polymer is a copolymer of ethylene with a C3-CI2 a- 
olefin. 

21 " <.al it in r 1 1 " fi i i n i it kiin 

and adiene. 

> " i 3l ii in r c " fn rn r "i i i f i t h uii U 

following monomer composition: 35-90 mol% of ethylene: 1 0-65 moi% of a-olefln; 0- I 0 moi% of a diene; (ii) a copolymer 
having the following monomer composition: 75-9? mol% of ethylene; 3-25 moi% of a-olefln ; 0-5 mo!% of a diene. 

23. Ac t c ir i h ii in , ii i ; f , m < p y 11 h u J Ip 

following monomer composition: 90-95 moi% of ethylene: 5-10 mol% of a-olefln; 0-2 moi% of a diene. 

1 A > ib ir t in i i if ne, 1 -hexene and 

1 -octene, 

05. A ir >f ' > jn it >m< 

26. A cable as claimed in any one of claims from 20 to 25, wherein the diene is selected from a conjugated or non- 
conjugated linear diolefln, and a monocyclic or poiycyclic diene. 

27. A cable as claimed in any one of claims from 20 to 26, wherein the diene Is selected from 1 , 3-butadiene, 1 ,4- 
hexadlene, 1 ,6-octadlene, 1 ,4- cyclohexadiene, 5-eihylidene-2-norbornene, 5-methyiene-2-norbornene, 5- vinyi-2- 
norbornene, or their mixtures and the like. 

28. A cable as claimed in any one of the preceding claims, wherein the hydrocarbon radical has from 1 to 24 carbon 
atoms. 

29. A cable as claimed in any one of the preceding claims, wherein the dielectric liquid comprises at least one dipheny! 
ether having the following structural formula: where Ri and R2 are equal or different and represent hydrogen, a phenyl 
group non-substituted or substituted by at least one alky! group, or an alky! group non-substituted or substituted by at 
least one phenyl. 

30. A cable as claimed in the preceding claim, wherein the alkyl group has from 1 to 20 carbon atoms. 

31. A cab e ;cUimeiiti in> /-A >r ^ . s wherein the dielet t , Ii i J , ^ > torn cherry! toluyl 
ether, 2,3'-ditc;uyl ether, 2,2'- dSoiuyi ether, 2.4-ditoiuyi ether, 3.3'-dlfoiuyi ether, 3.4'-dltoluyl ether. 4,4'- ditoluy! ether, 
octadecyl dlphenyl ether either as pure Isomers or in mixture with each other. 

>2 " ial e °iu"d a o of number of aryl carbon atoms to number of 

total carbon atoms of the dielectric liquid is greater than or equal to 0.4. 

it in ii " 1 f < in nit > number of 

total carbon atoms of the dielectric liquid is greater than or equal to 0.7. 

34 A cable as , w* o in any one of the preceding claims, wherein the dlphenyl ethe: tias a tit' constant, at 25<€, 
of less than or equal to 8. 
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35. A cable as claimed in any one of the preceding claims, wherein the diphenyi ether has a dielectric constant, at 25 °C, 
of less than or equal to 4. 

36. A cable as claimed in any one of the preceding claims, wherein the \ a t ! \ has a kinematic viscosity at 20 °C 
of between 1 and 100 mm2/s. 

37. A cable as claimed in any on* of the preceding claims, wherein the dlelect? ic li i i has a kinematic: viscosity a: 20 °C 
of between 3 and 50 mm2/s. 



38. A cab . raced mx >ao J 
of greater than or equal to o riirn3/ir;ir:. 

39. A a 3 - v ?t c ! r • -r - h m or coi il 1< 5o 



40. A cable as claimed in any one of the preceding claims, wherein an epoxy resin is added to the dielectric liquid In a 
quantity of less than or equal to 1 vvt% on the weight of the liquid. 

41. A cable as claimed in any one of the preceding claims, wherein the weight ratio of dielectric liquid to base polymer 
material is from 1 : 39 to 25: 75. 



42. A cable as claimed in any one of the preceding claims, wherein the weight ratio of dielectric liquid to base polymer 
material is from 2: 38 to 20: 80. 

43. A cable as claimed in any one of the preceding claims, wherein the weight ratio of dielectric liquid to base polymer 
material is from 3: 97 to 15: 85. 

44. A cai j i ii in my one of the preceding claims, wherein the base polymer material Is selected from propylene 
hcmopolymers or copolymers comf s g - least 40 wt% of amorphous phase, on the total polymer weight. 

r 3l it in n I t < i I r 1 w h 1 1 In I 

insulation properties, 

46, A cable as claimed in any one of claims from 1 ;o 44, wherein the e>:tmded covering layer is a layer (3.5) with 
semiconductive properties. 

47. A cable as claimed in the preceding claim, wherein a conductive filler is dispersed in the layer with semiconductive 
properties. 

48, A cable as claimed in any one of the preceding claims, wherein at least one layer with electrical insulation properties 
ar - ; i \ v 

49. A polymer composition comprising a thermoplastic polymer material in admixture with a dielectric liquid in accordance 
v'iit- n-y ) r - - - > - 1 1 

f f J f i i i t i i im 4 i t 3 3 layer 

(4) with electrical insulation properties. 

f I i , f i n - iositlon ii" im 49. as t h, nets t j < > 

(3,5) with semiconductive properties. 
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